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Optical based measurements methods
Objective
Minor impact of biomass cofiring with coal on boiler
operation and performance at biomass shares below
20% on an energy basis. 
Dilution of biomass ash stream reduce potential ash
deposition and corrosion problems caused by the
biomass ash (e.g. >50% ratio on single burner)
• Experimentally demonstrate the existence of stratified
flows in boilers
Indication: SO2, ash composition, straw particles…
PROBLEM: gas and particle sampling in full-scale boilers
require long probes to map conditions
Picture: CCD camera
Technology
Present instrumentation
Fiber optical probes
• FTIR spectroscopy (emission): >5 m, 45 mm probe
H2O, CO2, CO, CxHy, HCl, etc. + Tgas + Tpar + ε
• UV spectroscopy (transmission): 9 m, 60 mm probe
SO2, NO, O2, etc.
(future: LDA velocity)
UV and IR spectroscopy
• Sampling of gas and particles: 5 m, 20 mm probe
Idea: Modular systems  - Flexibility
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Emission spectrum:
GB:  816.9ºC, ε=0.106
Blackbody curve at 836.0ºC 
Transmittance spectrum
CO2, H2O, CO, CxHy, …
Example 1: Wood fired boiler at SH
Example 2: FTIR fiber optic, Amount of particles and CO 
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Temperature range: 23 °C - 1600°C
UV, VIS, IR, FAR,…
UV  NO detection
λ=215 nm absorption band: DT=DTrot ±50oC
Paper: In-situ Gas temperature measurements by UV-absorption spectroscopy
Extractive IR-UV system
Modified ”Baxter” model
9 m probe
Gas velocity (m/s): 10
Temp. Gas  ( C): 1200
Temp. Probe ( C): 80
T_m = 640
Viscosity (m2/s): 0.000094
Conductivity (W/mC): 0.0604
Emis_tube : 0.8
Emis_furnace : 1
To (K) 273.15
Flow (L/min) : 80
Cp_water (J/kg C) : 4186
rho_water (kg/m3): 983
DT_water (C): 70
Re = 6383.0
Nu_D = 44.0
h(W/m2 C) = 44.3
Q_conv (J) = 9343.7
Q_rad (J) = 40114.9
Q_tot (J) = 49458.6
Q_cool (J) = 384051.5
L_critic (m) = 7.8
Weight: approx. 90 kg
Bend 0.25 m inserted 8 m
• IR-sensor gas temperature
• UV fiber optics: SO2, NO, O2
• Sample gas (FTIR UV extractive)
• Sample particles
• Special probe tips can be mounted

Extractive gas analysis, system 
05/06-02-2008  Extraction measurements at SSV4
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06-02-2008  Coal burner side: 1.5 m inside
boiler thermal load 433 MW
boiler thermal load 440-471 MW
06-02-2008 Coal-straw burner side: 1.5 m inside
200-300 ppm
opposite wall
(coal fired)
190-260 ppm
Test campaign
Paramete
r
Unit a.2
kl. 1120-1143
b1,b2
kl. 1359-1430
c1,c2
kl. 1438-1512
d1,d2
kl. 1538-1605
e1,e2
kl. 1721-1744
f5,f6
kl. 1835-1900
Sample g 0,30 0,25 0,70 0,51 0,30 0,60
Al2O3 % dry 25 ± 2 24 ± 2 24 ± 2 24 ± 2 24 ± 2 22 ± 2
CaO % dry 5,9 ± 0,5 6,0 ± 0,5 5,8 ± 0,5 5,7 ± 0,5 6,1 ± 0,5 5,9 ± 0,5
Fe2O3 % dry 3,7 ± 0,3 4,0 ± 0,3 4,0 ± 0,3 3,9 ± 0,3 3,9 ± 0,3 4,0 ± 0,3
K2O % dry 1,4 ± 0,1 2,1 ± 0,1 1,6 ± 0,1 2,2 ± 0,1 2,1 ± 0,1 3,1 ± 0,2
MgO % dry 1,8 ± 0,1 1,8 ± 0,1 1,8 ± 0,1 1,8 ± 0,1 1,8 ± 0,1 1,8 ± 0,1
Na2O % dry 0,63 ± 0,05 0,62 ± 0,05 0,66 ± 0,05 0,64 ± 0,05 0,62 ± 0,05 0,63 ± 0,05
P2O5 % dry 0,83 ± 0,08 0,85 ± 0,09 0,84 ± 0,08 0,93 ± 0,09 0,91 ± 0,09 0,93 ± 0,09
SO3 % dry 0,81 ± 0,08 0,41 ± 0,04 0,32 ± 0,03 0,40 ± 0,04 0,33 ± 0,03 0,47 ± 0,05
SiO2 % dry 50 ± 4 52 ± 4 52 ± 4 51 ± 4 52 ± 4 52 ± 4
TiO2 % dry 1,1 ± 0,1 1,1 ± 0,1 1,1 ± 0,1 1,1 ± 0,1 1,0 ± 0,1 0,97 ± 0,08
Cl * % dry < 0,10 < 0,10 < 0,10 < 0,10 < 0,10 < 0,10
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Conclusion
Two types of water-cooled probes:
Fiber optic probes up to 9 m long with IR/UV gas analysis
Simple flexible probe for extractive gas and particle sampling
Test campaign:
Instruments and probes tested
A separation of flows coal-straw fired burners is not observed from gas 
data or particle/ash composition
Measurement campaign:
stable operation (fuel load)
long probes needed to enter main gas flow
